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This invention is concerned with a method ïor 
making polymèric chlorotrifluoroethylene. More 
particularly, the invention is concerned with a 
process for making high molecular weight, sub- 
stantia]ly heat-stable polymeric chlorotrifluoro- 
ethylene which comprises (1) forming an aqueous 
suspension of a mixture of ingredients having a 
pli below 5 and comprising (a) chlorotrifluoro- 
ethylene, (b) water, (c) boric acid, (d) a water- 
soluble inorganic peroxide polymerization cata- 
lyst for (a), and (e) a water-soluble iron sa]t 
and (I) an agent readily oxidized in the presence 
of the polymerization cata]yst and the aforesaid 
iron sa]t, for instance, a reducing agent, and (2) 
agitating the suspension, while maintaining said 
pli value, in the presence of ultraviolet light for 
a rime sufficient to form polymeric chlorotri- 
fluoroethylene. 
One of the objects of this invention is fo pre- 
pare polymeric chlorotrifluoroethylene. 
A further object of the invention is fo obtain 
po!ymeric chlorotrifluoroethylene in good yields. 
Another object of the invention is to obtain 
polymeric chlorotrifluoroethylene having a high 
softening point. 
A st411 further object is to obtain polymeric 
chlorotrifluoroethylene in a flnely-divided form 
which can be advantageously employed for 
various applications. 
If bas been known heretofore, as disclosed in 
U. S. Patent 9.,393,967, that tetrafluoroethylene 
can be polymerized in an aqueous system fo ob= 
ts, in polymeric tetrafluoroethylene. In such in- 
stances, little difficulty is encountered in obtain- 
ing the polymer. However, when an attempt is 
ruade fo apply the saine conditions of react_ion 
disclosed in this patent fo the polymerization of 
monomeric chlorotrifluoroethylene, certain seri- 
ous difficulties are encountered, among these be- 
ing poor yields, low softening point and unsatis- 
factory heat-stabflity of the polymer, etc. 
I bave now discovered unexpectedly that by 
employing a particular combination of condi- 
tions of reaction, I cm able fo obtain from the 
monomer good yields of po!ymeric chlorotri- 
fluoroethylene having outstanding properties. 
More particularly, I have discovered that by con- 
ducting the polymerization of the chlorotrifiuoro- 
ethylene in an aqueous suspension whfle con- 
currently irradiating the suspension with ultra- 
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violet light in the presence of certain activaing 
agents, I ara able to obtain polymeric chlorotri- 
fluoroethylene having a]l the desirable proper- 
ries mentioned above. 
5 As stated previously, a particular combination 
of ingredients and conditions is necessary to ac- 
complish the objects of this invention. The first 
condition which is necessary in the practice of 
my invention is that the reaction be conducted in 
l0 the form of an aqueous suspension. Bulk poly- 
merization of the chlorotrifluoroethylene gives 
poor yields. If the polymerization is conducted 
in the form of an emulsion using typical emulsi- 
fying systems comprising, for instance, po- 
15 tassium persulfate and an emulsifying agent, 
low molecular weight polymers are obtained. 
In addition, the yield is reduced and in many 
cases polymerization of the chlorotrifluoro- 
ethylene is even entirely inhibited. More- 
20 over, the polymer is contaminated with these 
emulsifying agents and it is difficult fo remove 
them. Thus, if bas been round that when using 
emulsifying agents such as, for example, dioctyl 
sodium sulfosuccinate (Aerosol-OT), and diamyl 
25 sulfosuccinate (Aerosol-AY) with potassium per- 
sulfate, the yields of polymer were 6.6% and 
23.5%, respectively, while the softening point of 
çhe polymer was well below 200 ° C. 
.n contrast to the above results when emulsi- 
0 fying agents are used,  ara able fo rea]ize under 
most conditions yields ranging from about 90% up 
to a!most. 100% of the polymer, based on the 
starting weight of the monomeric chlorotrifluoro- 
ethylene. .n preparing the suspension of the 
35 chiorotrifluoroethylene, the ratio of water fo mon- 
orner is preferably varied within certain limits. 
Thus, on a weight basis, I may use a ratio of from 
0.7 to 8 parts water per part of monomeric chlo- 
rotrifluoroethylene. When the ratio of the water 
40 to the monomer is above 8 to 1, the yield of poly- 
mer begins fo decrease. When the ratio, of the 
water to monomer is below 0.7 to 1, it becomes 
difiïcult to continue the polymerization due fo the 
large bulk of polymer, and as a result the formed 
45 s!uïry is difficult to handle and agitate. OEn addi- 
tion, longer rimes are required to effect polymeri- 
zation when the water to monomer ratio is below 
0.7 fo 1. 
As another condition for effecting the present 
0 method of polymerization, if bas been round 
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vantageous to use a smalI amount of boric acid 
<I-hBO3) in the polymerizable mixture. The 
boric acid ïunctions as a stabflizer for the cata- 
lyst and also controls the rate of catalytic effect. 
The use of boric acid has the advantage over 
borax disclosed in U. S. Patent 2,393,96ï in that 
better yields of the polymer are obtained under 
otherwise comparable conditions. If the boric 
acid is omitted entirely in my process, and all 
other conditions s.re maintained, only negligible 
yields of polymer are obtained. 
The amount of boric acid employed may be 
varied within fairly broad limits. Satisfactory 
resu]ts have been obtained when the weight of 
the boric acid based on the weight of .the water 
in the aqueous suspension ranges from about 
0.1 to 1%, by weight, preferably fzom 0.2 to 0.8%, 
by weight. Smaller or larger amounts .of boric 
acid may be employed, however, and I do hot in- 
tend to be limited to any particular range there- 
of. Good results have been obtained when the 
molar ratio of total borate ion to mols of catalyst 
is equal fo about 3 to 1. 
To realize the results described above, it is 
essential fo employ polymerization catalysts 
which are soluble in water, particularty water- 
soluble inorganic peroxides. Among such cata- 
Iysts which may be used are, for .example, so- 
dium persulfate, potassium persulfate, ammo- 
nium persulfate, sodium perborate, hydrogen 
peroxide, salts of -truc per acids such as, for 
instance, perphosphates, percarbonates, etc.; 
substitute products of hydi-ogen peroxide, îor 
instance, zinc peroxide, barium peroxide, etc. 
The amount of inorganic peroxide employed may 
also be varied within wide limits, for instance, 
ïrom about 0.005 (which appears to be a critical 
lower value for optimum yields) to 5%, by weight, 
based on the water, in many instances, I pre- 
fer to use an alkali-metal perborate as the cata- 
lyst in an amount ranging rom approximately 
0.3 fo 1%, by weight, or I may use hydrogen per- 
oxide in an amount ranging ïrom 0.01 to 0.15%, 
by weight. 
In conducting the reaction for effecting poly- 
merization of the chlorotrifluoroethylene, I 
have round that it is essential to employ a water- 
soluble iron salt, e. g., a ïerric or ferrous salt. 
Among such water-soluble iron salts which may 
be employed are, for example, soluble ïerric 
phosphate (containing a small amount of citrate 
ion), ferric cIoride, ferric citrate, ferric tartrate, 
ferric lam-ate, ferric pyrophosphate, ferrous 
ferrilactophosphate, ferric glycerophosphate, so- 
dium ferripyrophosphate, sodium feritriphos- 
phare, potassium ferricyanide, sodium ferrini- 
tride, sodium nitroprusside, potassium ferro- 
cyanide, errous thiosulfate, ferrous thiocyanate, 
ïerric thiocyanate, sodium ïerrothiccyanate, etc. 
These iron salts are preferably present in small 
amounts of the order of ïrom about 0.01 to 0.05%, 
by weight, based on the weight of the water. 
Under many conditions the use of these iron salts 
within the range of ïrora 0.01 to 0.03%, by weight, 
gives the best yield of polymer. !owever, it will 
be understood that larger or smaller amounts_ 
may be employed without departing from the 
scope of the invention. 
In addition to the above-mentioned iron alt, 
I may use an agent which is oxidized in the pres- 
ence of the polymerization catalyst and iron salt 
or iron promoter. By means of this agent, an 
equilibrium is set up whereby the ferric ion is 
reduced to the ferrous ion which in turn reacts 
with the catalyst or polymerization accelerator 

4 
to liberate OH ions. The ferrous ion remains 
in the ferrous state due to the presence of the 
reducing agent. Various such agents which may 
be employed are, for example, sodium bisul- 
 5 rite, potassium bisulfite, sodium hydrosulfite, 
(Na2S20); other oxidizable sulfoxy and sulfur- 
containing compounds, e. g., sulfm'ous acid, su!- 
rites, hydrosulfites, thiosulïates, sulfides, sulf- 
oxalates, etc.; oxidizable compounds of nitrogen 
  in¢Iuding hydroxylamine, hydrazine, etc.; sugars, 
e. g., fructose, sucrose, dextrose, glucose, etc.; 
polyhydric phenols, e. g., catechol, resorcinol, 
pyrogallol, etc. The amount of the reducing 
agent maY be varied, for instance, from about 
]5 _0005 t.o :%, by w.eight, based on the water and 
is not.criticaI although it is preferably prescrit in 
an am0..unt ranging ïrom about 0.01 to 0.5%, by 
weigh. Fur.ther examples of similar or equiva- 
!ent compounds vhich may be employed in this 
20 sy_stem may De round, for instance, in U. S. Pat- 
.ents 2,380,473-47. 
Ïn connection with the use of the polymeriza- 
tion .catatyst, I bave round it advantageous, es- 
pécially in the presence of metals, to use such 
25 stabflizers for the cataiyst as, for instance, so- 
dmm silicale, rs0dium phosphate, etc. These 
stailizers vhic-h may be present in amount 
anging ïrom `abou 0.001 to ,1%, by weight, 
based .on he v_eight of the ater are too smaI1 
0 to ïuncti0n .as buffering .agents and their only 
advantage in the reaction mass .is as stabilizers 
for the cataly.st. 
Throughout ._the reaction, the pli of the mass 
raust be mainta!ned below 5, preferably within 
35 the range .of, for instance, from about 1.8 to 3, 
in order to ealize the advantageous results de- 
scribed above..it has been round that above the 
ptt .of 5 ther.e .ls a drop in the rate of reaction 
and p01ymer y_ild. 
O In .general, the ptt may be obtained by adding 
acidic materi.'als such as HCl, ISO, chloro- 
acetic acid, riuoroacetic acid, etc., to the reac- 
tion mass prior _to effecting po!ymerization, in 
suflïcient amolmt to bring the pli within the de- 
s5 sired range. Additionally, acids may be formed 
in sitn which cn. regulate £he pli by controlled 
hydrol:sis of he chlorotrifiuoroethylene in the 
presence .of air or oxygen. This may be accom- 
plished by evacuating the aqueous system, par- 
5o tially or completely breaking the vacuum with 
known quantifies of air or oxygen and then in- 
toducing the ch_I0ro_rifluor0ethylene. Under thc 
latter circumstance, the reaction between the 
monomer and the ah- s on a mol-to-mol basis 
5.5 (hydrolyzed m0oe_r to oxygen). As a result 
of the controllCd ydrolysis there are obtained 
such acidic rna¢rialS as, e..g., HC1, HF (COOH)  
in the reactiç ass. The procedure for con- 
grollng the pli by controlling the hydrolysis of 
00 he monoraer usually varies with each reaction 
vessel and, as will be apparent fo those skilled 
in the art, can be determined in each instance. 
When asing strong scids capable of giving the 
desird pli, it is id..v_antageous fo exclude air 
C rom the reaction mass.and to maintain a blanket 
of an inert atmosphere, for example, a blanket 
.of nitrogen, over the reaction mass, or employ 
a vapor of the monomer as the atmosphere above 
the reaction mass. 
'" As a stitl further necessary condition for prac- 
ticing my nventien, it is essential that irradia- 
tion wi.th mtraviolet light of the reaction mass 
should occur throughout the course of the re- 
.actioa. Any ready spce of ultraviolet or actinic 
75 light may be employed. One method comprises 
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effecting the polymerization in a reaction vessel 
whose walls are pervious to the rays of ultra- 
violet light, for example, a reaction vessel hav- 
ing quartz walls. Another method cpmprises im- 
mersing an irradiating tube by means of a quartz 
well in the reaction mixture during the course 
of reaction. Without the presence of ultraviolet 
light, the effect of my claimed polymerization 
system unexpectedly is lost. This is hot true in 
the case of other polymerizable monomers where, 
for instance, redox systems are employed and 
where no ultraviolet light is necessary for tak- 
ing advantage of such a system. 
Throughout the reaction, agitation is prefer- 
ably employed. I bave round that iï agitation of 
the reaction mixture is omitted during the course 
of polymerization there is a considerable slow- 
-down in the rate of reaction. Since the mono- 
meric chlorotrifluoroethylene is a gas af normal 
temperatures and pressures, it is advantageous 
to conduct the reaction in a closed vessel under 
super-atmospheric pressure. I bave round it 
satisfactory to operate the reaction under the 
autogenous pressure of the reactants in the closed 
vessel, for instance, at the vapor pressue of he 
monomer. In such instances, I bave round that 
pressures varying, for example, from 70 to 150 
p. s. i., preferably from 85 to 115 p. s. i., are 
advantageously employed. However, I do hot in- 
tend tobe limited to these particular pressures 
since as far as can be determined, they are hot 
particularly critical and under many conditions 
of reaction higher or lower pressures may be em- 
ployed without departing from the scope of the 
invention. 
One of the most important advantages of my 
process for preparing polymeric chlorotrifluoro- 
ethylene resides in the fact that relatively low 
temperatures can be employed as compared fo 
other processes including the polymerization of 
different monomers which may require relatively 
higher temperatures. Thus, I may use tempera- 
tures ranging, for example, from about 0 ° fo 35 ° 
or 40 ° C., preîerably from about 0 ° to 30 ° C., in 
which range the most advantageous utilization 45 
of the combination of ingredients and conditions 
is realized. At temperatures above 40 ° or 45 ° C., 
the yield of po!ymer drops off fairly sharply. 
addition, at above these latter temperatures the 
catalyst decomposes too rapidly and tends to give 50 
low molecular polymers having low softentng 
points. 
The rime in which my reaction is consummated 
may, of course, be varied within wide limits 
pending, for example, on the concentration of 
the water-menomer ratio, impurities and con- 
taminations in the reaction mass (which should 
be kept to a minimum), rate of agitation, oxidiz- 
able material used, concentration er iron salt. de- 
gree of ultra violet radiation, etc. Generally,  60 
bave round that rimes of the ortier o from about 
20 to 80 hours, for example, from 24 to 48 hours, 
are sufficient within which te complete the re- 
action. 
In order that those skilled in the art may ber- 
ter understand how the present inveution may be 
practiced, the following examples are given by 
way of illustration and not by way of limitation. 
Ail parts are by weight: 
EXAMPLE 1 
This example illustrates the effect of using a 
system containin boric acid in contrast to the 
use of borax as disclosed in U. S. Patent 
Pyrex reaction tubes were charged with aque- 

ous systems contatning, by .weight, the fo!10w_ing 
ingredients: 

Table 1 

Sample Sample 
 A B 
Parts Parts 
Distflled water ................................ t, 000 t, 000 
Sodium perborate ............................. 6 I 6 
lO 
Borax (sodium tetraborate) 
Borio acid ............................................... 4 
Sodium phosphate ............................ 0. t 0. t 
Sodim. sfllcate ........  ........................ - 0:  0. 2 
Sodium bisulfite ............................... t. 0 1.0 
Water-soluble ferric phosphate ................ 0.  0. 2 
C hloro trifluoroethylene ...................... : 1,130 t, 210 
15  

Each of the above formulations .was sealed in 
a Pyrex reaction tube.and agitated .by rocking 
for 48 hours at 27 ° C.while the tube WasexP0sed 
20 fo irradiation from an ultraviolet lamp. Atmos- 
pheric air occupied 46% of the tube volume in 
sample A, and 44% of the tube volume in sample 
B. In the case of sample A, the pli of the 
aqueous system at the end of the reaction was 
25 2.65 and the yield of polymer was 790 parts (70% 
of the monomer charged). In the case of sample 
B, the pli of the aqueous system at the end of 
the reaction was 2.18 and the yield of the polymer 
was 1110 parts (92% of the monomer charged). 
30 The foregoing example "illustrates the im- 
provement in yield realized by using boric acid 
in place of borax. 
EX_AMPLE 2 
This example illustrates the comparison of us- 
35 ing boric acid and borax together with the other 
ingredients employed in the practice of my in- 
vention when polymerization is carried out in a 
nitrogen atmosphere as compared fo the use of 
an air atmosphere as in Example 1. The 
4O 
ample also illustrates the effect of using hydro- 
gen peroxide with the boric acid. 

Table 2 

Distil]ed water 

ttydrogen peroxide 
Sodium perborate ......... 
Borax (dium tetraborte) 
Borie acid .......................... 
Sodium phosphate ............. ___ 
qodium silicate ..................... 
Sodium bisulfite .................. 
Water-soluble ferric phosphtc ..... 
Chlomtrifluoroethylene .......... 

SaoEple 
Parts 
1.1300 
I o 

Port» ] 
0.1 / 
o.21 
1.0 I 1.0 
0.2 I 0.2 
6(8 I 

Each of the above formulations was introduced 
into a Pyrex reaction tube, with the exception 
of the chlorotrifluoroethylene. The solution was 
frozen at around --6 ° C., degassed by evapora- 
tion with a vacuum pump and the chlorotriflu- 
oroethylene was condensed in the tube. The tube 
was sealed under a nitrogen atmosphere and re- 
acted with rocking agitation for 24 hours at 2 ° C. 
in the case of samples B and C, and for 48 hours 
at 2 ° C. in the case of sample A. At the end of 
these respective rimes, there was obtained in the 
case of sample A, 195 parts of polymçr rePre- 
senting a 20.7 % yië]d based on the wêight of the 
monomer charged, samp]e B showed a yie]d of 
325 parts of polymer rePresenting a 53.3% yield 
(the pli of the aqueous system being about 2.22), 
and sample C showed a yield of about 551 parts 
polymer representing a 90:5% yield (the pli of 
the aqueous system being around 1.6). 
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This exampIe ilIustrates clearly the advantage 
of using boric acid in place of borax. It also 
demonstrates that in an înirt atmosphere the 
use of hydrogen peroxide offers advantages over 
the use of sodium perborate, whfle when the re- 
action is conducted in the presence of air, sodium 
perborate gives better yîelds of polymer than is 
obtainable nsing hydrogen peroxide as the cata- 
]yst. 
EXAMPLE 3 
This example illustrates the effect on polymer 
yield of varying the pli of the polymerization 
system by the addition of varying amounts of 
hydrochloric acîd fo the formulation of samp]e C 15 
of Example 2 using hydrogen peroxide as a cata- 
lyst. The ingredients and conditions were identi- 
cal with his latter sample C of EXample 2. The 
polyîner yield wîth relation fo the amount of 
hydrochloric acid is disclosed in the following 2O 
table: 
Table 3 

ti .. Parts PloFmer 
-- 551 
0.0 
O. 5 503 
0. 729 455 
2. 202 253 

Percent Poly- t 
Parts tIC1 mer Yield 

90. 5 
82.7 
76. 5 
41.5 t 

This example is concerned with a direct com- 
parison of the effect of using sodium perborate 
or hydrogen peroxide as polymerization catalysts 
when an atmosphere of air is maintaLued over 
the polymerization systems. In one case, identi- 
fied as sample X, the identical ingredients as 
disclosed in sample B of Example 2 were used and 
in the other case, identified as sample Y, the 
same ingredients as disclosed in sample C of Ex- 
ample 2 were employed. However, the only dif- 
ference Irom the conditions of Example 2 was 
that instead of using a nitrogen atmosphere, each 
of the Pyrex reaction tubes was sealed with an at- 
mosphere of air (which occupied 53% of the 
volume of the tube); each tube was reacted 
similarly as in Example 2. In the case of the use 
of sodium perborate (sample X), there was ob- 
tained 564 parts of polymer representing a 92.5% 
yield based on the monomer charged (final pli 
of the system was 1.75). In the case of sample Y, 
there was obtained 492 parts of polymer repre- 
senting a 80.8% yield (final pPI of 1.75). 

EXAMPLE 5 

In this example a Pyrex reaction tube was 
charged with an aqueous system containing, by 
weight, 100 parts distilled water, 0.143 part hy- 
drogen peroxide, 0.6 part boric acid, 0.01 part 
sodium phosphate, 0.2 pari sodium silicate, 0.10 
part sodium bisulfite, and 0.02 part soluble ferric 
phosphate. Thereafter, 60.8 parts of monomeric 
chlorotrifluoroethylene were introduced as in Ex- 
ample 2 and the tube sea]ed under nitrogen 
mosphere. The tube was reacted with rocking 
agitation for 24 hours at 23 ° C. in the total ab- 
sence of ultraviolet light. Reaction was com- 
pletely inhibited. Howèver, when the system was 
subsequently reacted with rocking agitation for 
24 hours at 23 ° C. but exposed to irradiation ïrom 
ultraviolet !amp, there was obtained 46..4 parts of 
polymer representing a 76% yield of the monomer 
charged. 

8 
In this example, Pyrex (quartz) reaction tubes 
were charged with the same ingredients as em- 
ployed in sample B of Example 1 with the excep- 
5 tion that the following amounts of chlorotri- 
fiuoroethylene were substituted in place of the 
1210 parts chlorotrifluoroethylene employed in 
sample B. The table be]ow also shows the parts 
of polymer obtained, the percent conversion of 
lO the monomer, .and the final pli of the reaction 
mass employing the identical reaction .conditions 
disc]osed for sample B in Example 1. 
Table 4 
I Monom6r, I Polyrner, Percent Final ptt ] 
Parts Parts Conversion 
The following Example 7 fllustrates a more 
detailed procedure for carrying out the poly- 
25 merization of the chlorotrifluoroethylene in ac- 
cordance with mY invention employing conditions 
comparable to those which might be encountered 
in large-scale production. 
30 EXAMPLE 7 
A 30-gallon capacity glass-lined reaction kettle 
was charged with an aqueous system comprising, 
by weight, 1000 parts distilled water, 6 parts 
sodium perborate, 6 parts boric acid, 0.1 part 
35 sodium phosphate, 0.2 part sodium silicate, 1 
part sodium bisulfite, and 0.2 part soluble ferric 
phosphate. The kettle was fiushed with nitrogen 
gas, evacuated fo 26" vacuum and atmospheric 
air introduced to 8" vacuum. About 204 parts of 
40 trifiuorochloroethylene was charged under pres- 
sure. The system was exposed to irradiation 
from an ultraviolet lamp introduced into the 
kettle by means of a quartz well, and agitated by 
means of a motor driven anchor type stirrer at 
45 27° C. te 31 ° C. A reaction pressure of 95 p. s. i. 
te 110 p. s. i., depending on the reaction tempera- 
ture, was maintained for 48 hours at which time 
a sharp drop in pressure indicated completion of 
the reaction. 
50 There were obtained 123 parts oî polymer as a 
stable suspension of po]ymer in the aqueous sys- 
tem, and 36 parts of polymer which had precipi- 
tated from the suspension, or a total of 159 parts 
of pol:mer representing a yield of 78% of the 
55 initial monomir charge. 
If bas been round that the sodium bisu]fite or 
equiva!ent material used with the water-so]uble 
iron sali may oe omitted if a smaI1 amount of 
an acidic material, for example, hydrochloric 
60 acid, etc., is added te bring the pli of the start- 
ing system below 5, for examp]e, around 2 te 3. 
The amount oî acid added may, of course, be 
varied as long as the pli is brought down be]ow 
5. If this acidic material is net added, the sodi- 
65um bisulfite is advantageously employed. The 
following examples illustrate the effect of this 
addition of h:drochloric acid te a system where 
sodium bisulfite is absent. 
70 EX/]IPLE 8 
G]ass reaction tubes previous te ultraviolet rays 
were eharged with an aqueous system containing, 
by weight, t000 parts distilled water, 0.171 part 
hydrogen peroxide, 6.5 parts boric acid, 0.1 part 
75 sodium phosphate, 0.2 part sodium silicate, 0.2 
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ar soluble ferric phosphate, and 0.182 part hy- 
drochlori6 acid. Sodium bisulflte was added in 
an amount equal fo 0.25 part in one càse and was 
omitted in another' formulation. The two formu- 
lations were frozen af -76 ° c., degassed, harged 
with 208 parts of degassed chlorotrifluoroethylene, 
-sealed under vacuum, reacted with rocking agita- 
tion for 24 hours af 22 ° C. while being exposed 
fo irradiation from an ultraviolet lamp. The table 
below shows the yields in both cases. 

Parts Sodium I Parts I Per Cent 
Conversion. --__Pli 
o. 0  196  .94 | 

EXAMPLE 9 
This example iliustrates the effect of omitting 
the sodium bisulflte while varying the hydrogen 
peroxide catalyst concentration. A series of test 
reaction tubes were charged with the same formu- 
lation as in Example 8 with the exception that 
the hydrogen peroxide was varied in the respec- 
tive ïormulations. The following table shows the 
polymer yield compared fo the concentration oï 
hydrogen peroxide used. 

Parts Hydro- Parts PoIymer Per Cent Con- 
gen Peroide version 
O.O 2.2 1.1 
0. 034 60. 5 29 
0. 051 123 59 
0.068 190 " 91 
0. 171 196 94 

EXAIVIPLE 10 
This example shows the effect on the rate of 
polymerization oï varying the soluble ferric phos- 
phate whfle sing HC1 in place of sodium blsulflte. 
The saine formulation and conditions were em- 
ployed as in Example 8 with the exception that 
the soluble ferric phosphate was varied in ac- 
cordance with the table below fo give the results 
described. 

Parts Soluble 
Ferrtc Phos- Parts PoIymer 
phte 

0.0 
0. 05 
0.1 
0.2 

2.7 
96 
172 
191 

It will, of course, be apparent to those skilled 
in the art that other conditions of reaction as 
well as different modifying ingredients other 
than those used in the foregoing example may 
be employed without departing from the scope of 
the invention. Many examples of such modify- 
ing ingredients as, for example, catalysts, iron 
salts, buffering agents, and monomer-to-water 
ratios which may be employed bave been given 
previously. 
. The polymers obtained in accordance with my 
claimed process are tough and bave high soften- 
ing points. In addition, many of the polymers do 
hot melt under a pressure of 75 p. s. i. up fo a 
temperature of about 220 ° C. and are quite stable 
and do hot decompose or evolve gas below 250 ° C. 
The polymers prepared in accordance with my 
method flnd a large number of valuable applica- 

tions. Because of théir substantial inertnes, 
they are eminently suita_ble for applications, reï- 
quiring.resistànce to various chemical reactants. 
In addition, becausé of their heat-stability ai ele- 
5 vated tempeatures they are advàntageously em: 
ployed as gaskets and vglve packings where other 
materia]s càn not withstand the corrosive attack 
or elevated temperatures. Electrical conductors 
of all sorts such as wires, motor armatures, and 
i0 cables can be insulated with the polmeric chloro- 
trifluoroethylene, such insulated conductors be- 
ing particularly useful because of the inertness of 
the insulating polymers. 
Polymeric chlorotrifluoroethylene has been 
15 round fo be highly suitable as insulation for elec- 
trical conductors in which the surface beneath 
and irnmediately adjacent to the polymer is an 
aluminum-type surface. Electrical conductors of 
this type are more particularly disclosed and 
20 claimed in the co-pending application of Edward 
J. Flynn and Gerald W. Young, Serial No. 54,636, 
filed October 15, 1948, and assigned fo the saine 
assignee as the present invention. 
If desired, dispersions of the polymer or solu- 
.5 tions thereof may be used fo coat and impreg- 
nate various fillers such as asbestos, glass flbers, 
aluminum powders, or sheets or hard surfaces of 
various materials, as, for example, metal molds, 
glass cloth, asbestos cloth, etc. Such treated 
3O materials may be molded under heat and pres- 
sure fo yield useful objects. In the case of the 
treated sheets, the latter may be superimposed 
on each other and molded to give a larninated 
panel having outstanding heat resistance and 
35 good electrical properties. 
What I claire as new and desire fo secure by 
Letters Patent of the United States is: 
1. The process ïor making polymeric chlorotri- 
fluoroethylene which comprises (1) ïorming an 
aqueous suspension of a mixture of ingredients 
having a pli below 5 and comprising (a) water, 
(b) chlorotrifluoroethylene, (c) boric acid, (d) a 
water-soluble inorganic peroxide polymerization 
catalyst ïor (b), (e) a water-soluble iron salt, 
and (]) a compound oxidizable in the presence 
of the polymerization catalyst and the iron salt, 
said oxidizable compound being selected from the 
class consisting oï oxidizable sulïur-containing 
compounds, oxidizable nitrogeh-containing com- 
50 pounds, oxidizable sugars, and oxidizable po]yhy- 
dric phenols, and (2) agitating the aïoresaid sus- 
pension, whfle maintaining said pli value, in the 
presence of ultraviolet light ïor a rime sufficient 
fo ïorm the polymeric material. 
55 
2. The process ïor making polymeric chlorotri- 
fluoroethylene which comprises (1) forming an 
aqueous suspension o a mixture oï ingredients 
having a pli below 5 and comprising (a) water, 
60 (b) chlorotrifluoroethylene, (c) boric acid, (g) a 
water-solub]e inorganic peroxide polymerization 
catalyst ïor (b), (e) a water-soluble iron phos- 
phate, and (]) a compound oxidizable in the pres- 
ence of the polymerization catalyst and the iron 
65 salt, said oxidiable compound being setected from 
the class consisting of oxidizable sulïur-contain- 
lng com-pounds, oxidizable nitrogen-containing 
compounds, oxidizable sugars, and oxidizable 
polyhydric Phenols, and (2) agitating the aïore- 
70 said suspension, whfle maintaining said pli value, 
in the presence oï ultraviolet light ïor a rime 
flcient fo orm the polymeric material. 
3. The process for making polymeric chlorotri 
fluoroethylene which comprises (1) ïorming an 
75 aqueous suspension oï a mixture oî ingredients 
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having a pIi below 5 and comprisig (g) Water, 
(b) chlorotrifluoÆoethylene, (c) boric acid, 
hydrogen peroxide, ()  wer-soluble ïron sl, 
nd (])  compod oxidizble in he presence oî 
he hTdroen peroxide nd he iron sI, sid 
oxidizbe comoud be seleced om he class 
coisg oï oxidizable suurTconin com- 
ods, oxtdizble niroen-conin com- 
ounds, oxidizable suars, and oxidizble polyhT- 
dric pheno, and (2) agiing he aforesid sus- 
eion, whfle maing said p vlue, in he 
presence of rviole Itgh for a e sucten 
 form he po1ertc meri1. 
. e process for mang polymeric chlorori- 
fluoroehylene which compres 
aqueous suspeton of a me of gedien 
having  p below 5 and comprg (g) Wr, 
(b) chlororuoroehylene, 
sodium perbore, ()  wer-soluble on s1, 
nd (D  comod odizable tf he presençe 0 
of he soum erbore and he h'on sal, said 
oxidizable comod being selec from he class 
consisg of oxidizable sulfur-conaining coin- 
Rounds, oxtdble nirogen-conçaining com- 
Rounds, odble sugrs, nd oxidtzble polyhy- 
dric phenols, and (2) gting he foresaid 
peion, whfle matng said p lue, in he 
presence oï rviole ligh for a e scien 
 frm the léric materl.. . . 
5. The process for mking polymeric chlorori- 
fluoroehylene Which ompres (1) îorming an 
aqueo suspeion Of  xure 6 gredien 
having a p bélow 5 and omprising () water, 
(b) Chlorotruor0éthylëne, (c) boric acid, 
hydrogen peroxide, () à wàr-solublè iron phos- 35 
phare, and (]) a compöd 0xidizabIe  the pres- 
ence of the hyogen peroMde and the on sait, 
said oxidable compod being seIted from the 
class consting of oxidizable suur-coning 
compoun, oxidizable nitrog-containing com- 
pods, oxidable sugars, and oxidizable poly- 
hydric pheno]s, and (2) agitatg the aforesaid 
spsion, while mataining said pli value, in 
thé presence of traviolet ]ight for a te suf- 
ficient to form the polymeric materiaI. 
6. The process for making polymeric corotri- 
fluoroethylene wch comprises (1) forming an 
aqu speion of a mkture of ingredients 
havg a pli below 5 and comprisg () water, 
(b) chlorotruoroethylene, (c) boric acid, 
sodium perborate, () a water-sotuble iron phos- 
. phare, and (/) a compëd oxidizable in e pres- 
ence of the sodium perborate and e iron sait, 
said oMdizable compòund beg select from the 
class consisting of bxidizable sulfur-contain 
compouns, oMdizable nitroen-containg coin- 
Rounds, 0xidizable sugars, and oxidizable polyhy- 
dric phenols, and (2) agitin the aforesaid sus- 
pension, whfle matag said pli value, in the 
presence of ultraviolet light for a tWsucient 
iorm the polymeric mariaI.. 
 e process for makg polymeric chlorotri- 
fluoroethylene which compres (1) forming an 
aqu spension of a mte of redients 
having a pli below 5 and comprg () war, 
(b) chlorotruoroetlene, (c) Boric acid, 
a watt-soluble inorganic peroxide poIera- 
tion catalyst for (b), (e) a war-soluble iron 
phosphate, and () sodium bisulfite, and (2) agi- 
tat the aforesaid suspeion, while matain- 70 
ing said pli value, in the presence of traviolet 
light for a rime sucient fo f0rm the polymeric 
materiaI. 

8:Th6 po6ess fòr ïàkiig polymeric chl5rotl- 
fiuoroethyleie Whl6h comprises (1) foming h 
aque0us gfispdnsioA of a urè of grediën 
havg a pli bèlow 5 afld 5oprising (a) 
(b) ChlorbtruorÇëthylene, () boic àcid, 
hydrogen peroxide, (e).a water-soluble iron po 
phare, and (1) soum bufitè, and (2) agitatg 
the afomsäid suspënsion, while maintag said 
pli value,  preSence of the ultraviolet ligh for 
10 a rime sCient t0 form the pomeric mategfal. 
9. The process for makg peleric chlorotri- 
fluoroethylene wch comprises (1) forg an 
aqu suspeion of a mixture of ingredien 
havg a pli below 5 and comprising (a) water, 
(b) chlorotrffiuoroethylene, (c) boric acid, (g) 
sodi perborate, (e) a war-solublÇ op .phos- 
phate, and (]) sodi bulfite, and (2) agitating 
the aforesaid spension, whfle mataing said 
pli value, in the presence of ultraviolet light for 
a te scient  form thè polymeric materiaI. 
10. The process for mkïng poiymec chI0ro- 
trffiuoroethylene which comprises (1) forng an 
aqueo suspension of a mkture of grêdien 
havg a pli below 5 and comprising (a) Water, 
(b) chlorotrifluoroethylene,  which the water is 
present, by weight, in an amount equal  fom 
0. to 8 parts Water per Part of ChIbtiflu0ro- 
ethylene (c) from 0.1 to 1%, by weight, borc acid 
based on the weight of the water, (g) a watt- 
soluble inorganic proxide polerization catalyst 
for (b), (e) from 0.01 fo 0.05%, by weight, of a 
water-soluble on 'sait based on the weight of the 
water,'and (]) from 0.005 fo 1%, by weight, bas 
on the weight of the water of a comPound oxidiz- 
able in the presence of the polymerization cata- 
lyst and the iron sait, said oxidizable comd 
beg ëlë6të ff6m the class c0isting of ox- 
idizable sulf-containing c9mpoun, oxidizable 
trogen-contahoEg còmpounds, oxidizable sug- 
ars, and oxidable polyhydric phenols,.an 2) 
agitatg the af0resaid usPeflsion, Whfl 
taing said pli value, in the presehce of filera- 
violet Hght fbr a rime Sucient fo fofm HWbly- 
meri c mariaI. 
11. The process for makg polymeric 6hlro- 
trifluoroethylene Which c0mpris (1) fdrg n 
aqueous suspension of a mixtm'e of ingredïên 
having a pli below 5 and comprg (a) water, 
(b) clol;otrifluor6ethylene, in which the water is 
50 prese, by weight, in an ount equal to from 0.7 
to 8 parts water pr part of chlorotrifiuoroethyl- 
ene, (C) from 0.1. to 1%, by weight, boric acid 
based 'on the weight of the water, (d) hydrogen 
peroxide, (e) a Watt-soluble ff'on phosphate, 
55 and () sodi isu, and (2) agitatg the 
aforesaid susnsion, whfle maintaining said pli 
value, in the prence of ultraviolet light for a 
te sucient to form the polefic mateHal. 
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